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Á Backed by well-developed theory.

Á Naturally support unstructured and curvilinear grids.

Á High-order finite elements on high-order meshes

Å Increased accuracy for smooth problems

ÅSub-element modeling for problems with shocks

ÅBridge unstructured/structured grids

ÅBridge sparse/dense linear algebra

ÅFLOPs/bytes increase with the order

Á Demonstrated match for compressible shock 
hydrodynamics (BLAST).

Á Applicable to variety of physics (DeRham complex).
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MHD
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Finite elements are a good foundation for large-scale 
simulations on current and future architectures
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High-order 

kinematics
8th order Lagrangian hydro simulation 

of a shock triple-point interaction

Non-conforming mesh refinement 

on high-order curved meshes
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Modular Finite Element Methods (MFEM)

MFEM is an open-source C++ library for scalable FE research 
and fast application prototyping

Á Triangular, quadrilateral, tetrahedral and hexahedral; 
volume and surface meshes

Á Arbitrary order curvilinear mesh elements

Á Arbitrary-order H1, H(curl), H(div)-and L2 elements

Á Local conforming and non-conforming refinement

Á NURBS geometries and discretizations

Á Bilinear/linear forms for variety of methods (Galerkin, 
$'ȟ $0'ȟ )ÓÏÇÅÏÍÅÔÒÉÃȟ ȣɊ

Á Integrated with: HYPRE, SUNDIALS, PETSc, SUPERLU, 
PUMI, VisIt, Spack, xSDK, OpenHPC, and more ȣ

Á Parallel and highly performant

Á Main component of %#0ȭÓ ÃÏ-design Center for Efficient 
Exascale Discretizations (CEED)

Á .ÁÔÉÖÅ ȰÉÎ-ÓÉÔÕȱ ÖÉÓÕÁÌÉÚÁÔÉÏÎȡ GLVis, glvis.org

Linear, quadratic and cubic finite 

element spaces on curved meshes

mfem.org
(v3.4, May/2018)
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Example 1 ςLaplace equation
Á Mesh

Á Finite element space

Á Initial guess, linear/bilinear forms

Á Linear solve

Á Visualization

Á works for any mesh & any H1 order

Á builds without external dependencies
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Example 1 ςLaplace equation

Á Mesh
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Example 1 ςLaplace equation

Á Finite element space



ATPESC 2021, August 1ïAugust 12, 20217

Example 1 ςLaplace equation

Á Initial guess, linear/bilinear forms
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Example 1 ςLaplace equation

Á Linear solve

Á Visualization



ATPESC 2021, August 1ïAugust 12, 20219

Example 1 ςparallel Laplace equation

Á Parallel mesh

Á Parallel finite element space

Á Parallel initial guess, linear/bilinear forms

Á Parallel linear solve with AMG

Á Visualization

Á highly scalable with minimal changes

Á build depends on hypreand METIS

Á Parallel assembly
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MFEM example codes ςmfem.org/examples 


